In this paper, a new model is proposed for flow and heat transfer of a power
Introduction
Studies on power law flows, in which shear stress varies according to a power function of strain rate, have appeared continuously in the literature [1] [2] [3] . For an incompressible power law non-Newtonian fluid in Cartesian coordinates, its shear stress is characterized as (where r and K are the density and the consistency index, respectively, with g = K/r). The case n = 1 corresponds to a Newtonian fluid; 0 < n < 1 is descriptive of pseudo-plastic nonNewtonian fluids while n > 1 describes dilatant's fluids. In classical works, the power law kinematic viscosity was applied only in the momentum equations while the thermal conductivity is taken the same as in the Newtonian fluids. Meanwhile, the physical nature of the power law fluid is regarded unchanged and the power law index is treated as a constant. Obviously, this is inconsistent because the change of viscosity should affect both the momentum and heat transfer of the boundary layer. To satisfy the necessity of complex *nCorresponding author; e-mail address:liancunzheng@163.com, liancunzheng@sina.com S128 THERMAL SCIENCE, Year 2011, Vol. 15, Suppl. 1, pp. S127-S130 engineering problems, more accurate models will be built up. In this article, we proposed a new model by taking the effects of power law viscosity into account for the heat transfer in thermal boundary layer. In terms of analogy principle of velocity boundary layer with thermal boundary layer, the thermal conductivity is chosen to be a variable power-law function of temperature gradient. Furthermore, we assume that the power-law index is no longer a constant but a function of the entrance distance.
Formulation of the problem
Consider that the duct wall is maintained at a constant temperature lower than the uniform temperature of the fluid at the entrance. Incompressible, fully-developed, laminar power law fluids are studied. Take z and r to be co-ordinate axes parallel and perpendicular to the channel walls. Suppose that the power law index is changing with the increasing z; that is:
where n 1 is the power law index of the fluid at the entrance while b is the changing index. The axial conduction, viscous dissipation, thermal energy sources and the conduction in the direction of flow are negligible. The axial component of the velocity field is given by [4] :
where U m and a are the mean velocity and radius of the duct, respectively. The effect of the power law kinematic viscosity on heat transfer is considered in the paper. Hence, the thermal conductivity is chosen as 
where r and c p are the density and fluid specific heat, respectively. The dimensionless quantities are defined as followings:
where Q, R, U * and Z * are the dimensionless temperature, dimensionless radial coordinate, dimensionless velocity and dimensionless axial coordinate, respectively.
Appling these dimensionless quantities to eq. (3), the energy equation reduces as:
with the boundary conditions 
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Numerical discretization
In order to obtain numerical solutions, we transfer eqs. (5)- (6) to a system of algebraic equations. The calculation domain is divided into a few non-overlapping control volumes each of which surrounds a grid point ( fig. 1 ).
The energy eq. (5) is integrated over each control volume. Thus, we have:
where n R is the dimensionless radial coordinate in north direction; s R , in south direction. A least-squares approximating polynomial y ax   on[0,1] is found out to minimize the errors
The problem now becomes:
Equation (8) is solved by using LU decomposition method.
Results and analysis
Suppose the power law index is varying according to the following functions: Figure 2 compares the different solutions obtained by other works and this paper. The picture in fig. 2(a) is drawn according to the eq. (9); the picture in fig.  2(b) , according to the eq. (10). The curves with white marks are results with a constant power law index [7] [8] [9] while the profiles with black marks are drawn with a power law index assumed to be a function of * Z .They indicate that the temperatures are lower by using the model in this paper than the one in classical works and this is more obvious as n increases. As it flows, the fluid in the pipe is not exactly the same as in the entrance of the duct. 
Conclusions
The results show that the heat transfer characteristics are strongly depending on the value of the power law index and the temperature profiles are different from the ones which are obtained with a constant power law index. Further studies will be focused on the determination of the power law index function. Experiments will be designed to find out the exact changing patterns of the power law index of the fluids.
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